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Abstract
The paper presents a longitudinal study of writing fluency in second language students. 
The aim was to follow the development of the students’ fluency during a three-year 
period in which they studied Swedish as a second language. Fifteen Polish university 
students participated in the study. The analysis shows that fluency develops non-linearly 
with some peaks in the average developmental curve. Furthermore, we observed both 
between- and within-individual variability in fluency in text production. The develop-
ment of fluency is unpredictable and no one subject mirrors in their development the 
average curve. Individual differences were observed at every step of second language 
development. The analysis shows that writers who are slow at typing are not automati-
cally less fluent and that subjects who develop more slowly can achieve a high level of 
fluency in writing. In general, writers who were slower and less fluent at the beginning 
made the greatest progress in fluency during the three-year period, compared with 
those who were more skilled with regard to both language and typing, who achieved 
a certain level of fluency faster than their fellow students. 
1. Introduction
Fluency is a commonly applied indicator of foreign language proficiency. Although 
many scholars have employed this notion in their studies no single definition of 
fluency exists. Segalowitz (2010: 5) explains it with the assumption that researchers 
“have had to find practical ways to define fluency so that it can be precisely meas-
ured.” Furthermore, the use of the common expression “he/she speaks a language X 
fluently” cannot, it seems, be applied to all contexts in which fluency is considered. 
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In earlier studies fluency was defined as a complex phenomenon that encompasses 
the rapidity of text production, the coherence and complexity of an utterance and the 
appropriateness and creativity in speech (Fillmore 1979). Crystal (1987: 421) defines 
the term as a “smooth, rapid, effortless use of language.” Lennon (1990: 391) treats 
fluency as a phenomenon of performance and a subjective impression: “fluency is 
an impression on a listener’s part that the psycholinguistic processes of speech plan-
ning and speech production are functioning easily and efficiently.” In turn, Schmidt 
(1992: 358) describes fluency as “the processing of language in real time” and also 
as an “automatic procedural skill that is relatively free from conscious attention.” 
The same components have been taken into account even when referring to fluency 
in writing. Wolfe-Quintero et al. (1998) write about fluency in terms of rapidity and 
ease within text execution. Skehan (2003: 7), however, calls for a more complex view 
of all these factors. He argues: “It is now increasingly accepted that finer grained 
analyses of fluency require separate measures for (a) silence (breakdown fluency), 
(b) reformulation, replacement, false starts, and repetition (repair fluency), (c) speech 
rate (e.g. words per syllables per minute), and (d) automatisation, through measures 
of the length of run.” Skehan sees undisrupted chunks of text flow as an indicator of 
automatisation. Other researchers, however, take a broader view of automaticity. 
Schnei der, Shiffrin (1977) describe automatic processing as the activation of a sequence 
of elements that proceeds without control or attention. In many studies automaticity 
is often associated with fast, ballistic, load independent, effortless and unconscious 
processing (Segalowitz 2003, 2010) and this may explain why automaticity is often 
connected with fluency. From this point of view, automaticity can be seen as an 
output condition for fluency. If the processes in a learner’s working memory have 
been automatised, they can speak fluently. Automaticity, however, is not the only pre-
requisite for fluency. Fluency in a second language can even be seen as a result of the 
transition from declarative to procedural knowledge. Fluent speakers use procedural 
knowledge, which activates their memory in a shorter time and therefore they are 
able to produce longer chunks of texts (Towell et al. 1996). The cognitive processes 
underlying fluency are thus complex. With regard to this, Segalowitz (2010) distin-
guishes three senses of fluency which he calls cognitive fluency, utterance fluency 
and perceived fluency. Cognitive fluency requires the mobilisation, coordination and 
then integration of several cognitive processes activated for text production, such as 
e.g. conceptual preparation, grammatical and morpho-phonological encoding and 
articulation. Utterance fluency refers to the general features that characterise an 
utterance, such as the length of the speech, the repairs the speaker makes and the 
pauses they make and it thus focuses on utterance as a product. In turn, perceived 
fluency can be understood to mean the impression of the listener in relation to the 
text that the interlocutor has produced. Based on the utterance, the speaker can also 
infer how cognitive and utterance fluency are interconnected with each other. 
Due to the different definitions of fluency several differing methods of measure-
ment have been adopted. The most common, used to analyse spoken texts, are those 
adopted by Möhle (1984) in her study of German students of French and French 
students of German: 
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1. speech rate – number of syllables per second
2. articulation rate – number of syllables per second of time of articulation
3. pause length 
4. length of run – mean number of syllables between pauses.
This approach has been used by many researchers (Towell 1987; Towell et al. 1996; 
Lennon 1990; de Jong, Perfetti 2011). However, Housen et al. (2012) call for a three-
dimensional view of fluency, i.e. speed fluency (rate and density of linguistic units in 
production), breakdown fluency (number, length and location of pauses) and repair 
fluency (false starts, misformulations, self-corrections and repetitions). These factors 
have been explored in a number of studies that have examined a variety of fluency-
related variables, such as hesitation, repair, and the rate and amount of speech or 
interactivity (Riggenbach 1991; Freed 1995; Ellis,Yuan 2004; Kormos, Dénes 2004). 
A description and evaluation of different fluency measures in second language 
writing can be found in Wolfe-Quintero et al. (1998), who compared 39 studies in 
order to find the most valid analytical methods which can then be linked to language 
proficiency. However, their study only compared the rate and length of production 
units. The assumption behind such a focus was that there is a positive correlation 
between fluency and writing time: the more words and features the writer produces 
in a given unit of time, the greater the fluency. Thus, frequency measurements, for ex-
ample, the total number of words, the total number of verbs or the total number of 
sentences, were compared with ratio-measurements, i.e. the number of words per 
minute, the number of words per clause or the number of words per T-unit analysed. 
It turned out that the best measures of fluency are the number of words per T-unit, 
the number of words per error-free T-unit and the number of words per clause, 
because “these three measures consistently increased in a linear relationship with 
proficiency levels across studies, regardless of task, target language, significance of 
the results, or how proficiency has been defined” (Wolfe-Quintero et al. 1998: 29). 
The report compiled by Wolfe-Quintero et al. did not include any studies that take 
into account disturbances in fluency. As a consequence, such approaches to meas-
uring fluency cannot be compared with those definitions of fluency where not only 
rapidity but also automaticity and smoothness, i.e. an infrequent occurrence of 
pauses and false-starts, are considered inseparable factors of fluency. Although the 
report covered a broad range of studies, these varied both in terms of the number of 
subjects investigated and in the levels of proficiency. Furthermore, the studies were 
cross-sectional in the sense that they did not reflect the development of proficiency 
in individual learners. 
In a study focusing on written composition Kaufer et al. (1986) adopted a new 
analytical method that included both pauses and revisions within text production. 
The tool, called “sentence part”, was defined as a chunk of text between a pause of 
two or more seconds or a discontinuity regarding a revision. A comparison between 
expert L1-writers and novices showed that the more experienced writers wrote on 
average about 11 words between two disturbing elements while novices wrote on aver-
age 7 words. Instead of a “sentence part” as a unit of measurement, other researchers 
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have used the terms “burst” or “mean length of burst” in other studies on fluency 
in L1- and L2-writing (Chenoweth, Hayes 2001; Spelman Miller et al. 2008; Gunars-
son 2012; Palviainen et al. 2012). Different units have been used depending on the 
analytical tool employed. In think-aloud protocols the word is the reference entity 
while in the case of computer-assisted tools the token is the main unit. 
It is far easier for the listener to, in Lennon’s (1990) words, “have an impression” 
that a speaker is fluent than it is for a reader to determine whether a writer’s fluency 
is at a high level. As van Gelderen and Oostdam (2005) point out, written texts can 
be treated as an indirect indication of writing fluency because linguistic fluency 
facilitates the writer not only in writing down his ideas but also in reviewing them 
before they are transcribed. In most cases, we read the final text without knowing 
how fast the text was written, how often it was revised and how demanding it was 
for the writer to produce the text. In experimental settings there are many tools that 
enable the researcher to follow the entire writing process: the time spent producing 
the text as well as all the pauses and revisions. But even when such data is obtained 
a one-to-one comparison between fluency in writing and fluency in speaking is still 
not possible due to the divergent conditions in which the texts emerge. A spoken 
text arises in and disappears from a speaker’s mind much faster than a written one. 
The writer can still see what he or she has produced even if his thoughts are on 
another topic. Therefore, divergence is likely between a second language learner’s 
fluency in writing and speaking, and indeed a fluent second language speaker may be 
less fluent in producing a written text. Fluency in a second language is interconnected 
not only with the students’ general proficiency but also with their metalinguistic 
knowledge, which in turn can have an effect on fluency. The more a student knows 
about how the acquired language is constructed, the more attention they will pay 
to achieving an error-free text, which in turn can lead to an increase in self-revision. 
Even if this is evidence of an increased proficiency and metalinguistic knowledge, 
they lead to disruptions in the text flow and a decrease in the writing tempo and thus 
have a negative influence on the general smoothness of text production. Torrance 
and Nottbusch (2012) claim there are three main differences between managing 
language processing in speech and writing which explain why these two modes 
cannot be assumed to be driven by the same processes. The first is the relationship 
between output fluency and communicative effect, in which they concentrate on the 
listener’s reception of the utterance and point out that spoken language requires more 
focus on fluency than written language because the listener receives the message 
immediately, whereas the receiver of the written text is not faced with the process 
of creating the message. The second type of divergence between the processing of 
spoken and written utterances is the orthographic processing that exists only in 
the written mode and requires additional attention from the writer. Torrance and 
Nottbusch (2012) have even highlighted divergence in the mental representations 
of spoken and written language. The third difference in language processing is in 
feedback affordance, which can be slower in written language because the writer 
can still see their text and so the process of monitoring and revising may be longer 
than in the case of spoken language. 
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There are many studies concerning fluency in second language spoken texts 
but research on fluency in second language writing has only increased in the last 
few years. In studies on second language fluency researchers have pointed out the 
need to investigate the written mode of language, not only because high levels of 
fluency help second language learners to write texts quickly but also due to the fact 
that “a better understanding of the processes underlying fluent writing can have 
important implications for the field of composition” (Chenoweth, Hayes 2001: 80). 
Furthermore, there is a need to investigate writing fluency in university students 
who have to write their bachelor’s or master’s theses in a second language which, 
despite the fact that there will be a focus on several other skills such as academic 
writing, may require a great deal of effort from those who are less fluent in writing. 
The present paper focuses on the development of fluency in second language 
writing at both the intra- and interindividual levels. This development and several 
aspects of it will be studied from the perspective of the Dynamic Systems Theory 
(DST), which treats second language development as a dynamic and complex pro-
cess. The process proceeds non-linearly and is sensitive to the so-called beginning 
conditions, which means that even a small change at the beginning can lead to 
considerable differences at the end of the acquisition process. All components of 
the dynamic systems play a part in the development and interact with each other. 
Dynamic systems are also characterised by variability and they change all the time, 
which makes it impossible to predict the final state of the systems. The theory itself 
comes from the formal and logical sciences but in recent years it has been adopted 
for second language acquisition and multilingualism (Larsen-Freeman 1997; Herdina, 
Jessner 2002; Larsen-Freeman, Cameron 2008; Verspoor et al. 2008; Caspi 2010; 
de Bot, Larsen-Freeman 2011). Previous studies focusing on the development of 
several features of second language acquisition from the point of view of DST ex-
amined small groups of subjects. There are two reasons for this situation. Firstly, 
the focus on second language development from a DST perspective is mainly at the 
individual level. DST-researchers have investigated particular dimensions of second 
language performance, such as fluency, accuracy or complexity, and followed their 
interaction during the process of second language development. Secondly, in the 
case of longitudinal data, other than in cross-sectional research, it is often very dif-
ficult to follow a large group of subjects over a long period of time which means that 
there is a limited amount of material that the researcher can investigate. Because the 
present study was not only longitudinal in character (three years) but also covered 
a larger number of subjects (fifteen), it is possible to take a broader view of fluency 
development, i.e. both the average development of second language learners and 
the development of individuals are investigated. 
2. Research questions
The objective of the present study is to investigate how writing fluency develops dur-
ing L2-acquisition. This rather general question covers several sub-questions, which 
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focus both on individual and inter-individual development. In terms of individual 
developmental paths the study will try to find out if we can describe common pat-
terns in fluency development. If they exist: can we speak about continuous improve-
ment or are individual trajectories characterised by irregularities and up and downs? 
Considering the complexity of the phenomenon, the next question is whether the 
development of several features that characterise fluency (such as automaticity and 
smoothness) evolve concurrently or do these aspects develop independently from 
each other? When analysing fluency at the inter-individual level we will try to 
explore if there is variability between individuals, even if they are a homogenous 
group in terms of age, language background, social status and second language 
input. And if variability at the beginning of second language learning exists, does 
it lead to changes over a longer period? 
3. Participants
The experiment conducted in the present study was longitudinal in character. Fifteen 
learners took part and all were Polish university students attending the Jagiellon-
ian University in Krakow. They represented a homogeneous peer group in terms of 
their first (Polish), second (German) and third (Swedish) language backgrounds,1 
their age (19–21 at the beginning of the experiment), the foreign language input 
(only in a classroom environment) and their language skills in Swedish when they 
began their university education (no prior knowledge of the language). The gender 
of the participants was, however, not spread equally: there were three male and 
twelve female participants in the study, which at the same time reflects the general 
tendency within language studies at university level. 
In fact thirty-two students participated in the first experimental sessions, but 
because of their mobility – many of them obtained scholarships to study in other 
European countries, while others interrupted their studies, and thus were unable 
to continue the project – only fifteen were able to take part in the whole study. 
4. Design and procedures
The experimental sessions took place at the end of every semester. The first session 
was after the first semester, i.e. after 120–150 hours of Swedish classes, and the fol-
lowing five took place at equal intervals, that is at the end of each semester. The fi-
nal data were collected after the sixth semester, when the subjects had completed 
1 Although Swedish is the third (or subsequent) language, the term “second language” will be 
used in the present study because no aspects of Third Language Acquisition will be discussed. 
Furthermore, I use “second language” even if the present study in fact focuses on foreign, not 
second, language learning with regard to the learning environment. In the study I do not focus 
on particular aspects of fluency development in the language classroom but treat it as a general, 
both linguistic and cognitive, ability to create a text in a new, rather than first, language.
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810–840 hours of Swedish classes. The experimental sessions took place before or 
after ordinary classes and were facultative. The participants were given no time limit 
and were alone when they wrote, i.e. after providing instructions the experimenter 
left the student in the room where the experiment was being conducted in order not 
to disturb them or induce a sense of time pressure. The task was to write a narra-
tive text that referred to personal experiences that were not necessarily true, so the 
subjects could even make up a fictional story. The topics were: 
Experiment 1: “I will never forget it”
Experiment 2: “What a dream I had!”
Experiment 3: “I had never been so afraid”
Experiment 4: “An adventure on my holidays”
Experiment 5: “My greatest lie/my greatest crime”
Experiment 6: “I will never forget it”
The topics in the first and the final experiment were the same; however, no student 
re-told the same story. The texts were written on a laptop computer. The students 
often used computers and indeed both in secondary school and in their courses 
during the first semester, i.e. before the experimental sessions began, they had often 
written their homework on a computer. They also used computers every day for 
internet surfing or chatting. However, they were accustomed to a Polish keyboard 
and in the experiments a laptop with a Swedish keyboard was used. This may be 
an important factor that affected the development of their writing fluency, because 
the students used a Swedish keyboard only in the experimental sessions, i.e. twice 
a year. Even if it is also a QWERTY-keyboard, there are many differences in the 
placement of e.g. diacritics or punctuation marks, which in turn might influence 
learner fluency in text production. 
5. Instruments
The writing sessions were recorded using ScriptLog (Strömqvist, Malmsten 1998). 
This is a tool that enables the user to follow every writing activity: not only the press-
ing of keys but also the movements of the mouse, pauses and deletions. The writer 
only sees the final text. The operations are, however, saved in a logbook from which 
they can be uploaded and analysed. Furthermore, the application offers numerous 
tools that facilitate data editing. ScriptLog has been widely used in writing research, 
both in studies of L1-writing (Strömqvist 1996; Wengelin 2002, 2007; Uppstad, Sol-
heim 2007; Johansson 2009) and L2-writing (Kowal 2011; Gunarsson 2012; Palviainen 
et al. 2012). Because of the analysing tool the writing unit used in the present study 
is a token – not a word, a T-unit or a sentence. Such an approach was able to take 
into account a broad range of activities such as, for example, the replacement of 
a comma with a full stop or the deletion of a single token: a letter or a punctuation 
mark, which are important operations in the context of writing fluency. Further-
more, this unit often occurs in computer-assisted studies (Strömqvist, Ahlsén 1999; 
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Stevenson et al. 2006; Alves et al. 2007; Wengelin 2007; Spelman et al. 2008; Johans-
son 2009; Gunarsson 2012; Palvianen et al. 2012), which makes it possible to compare 
several written language studies. 
In the present analysis two measurements were employed to explore L2-learners’ 
fluency. The first is the mean transition time (TT), which reflects typing skills 
in general. ScripLog calculates how fast the writer is between keystrokes within 
a word, i.e. how many seconds (fractions of a second) pass before the next key is 
pressed. Slow writers will thus have a longer transition time than faster typists. 
This distinction was made by Strömqvist (1999) who proposed it as being the most 
reliable indicator of typing proficiency. He argues that within-word strokes are 
familiar and fast and, therefore, less time is needed for planning or monitoring. 
A further assumption is that the execution is source demanding for less skilled 
writers, while it is virtually automatic for fast writers (Strömqvist 1999). In the 
context of second language writing it can be used as the aspect of fluency that 
is interconnected with automaticity in writing, with the focus on within-word 
automaticity. The assumption is that a writer with high automaticity in a second 
language can retrieve second language items faster than a writer whose cognitive 
processes have not been automatised and thus they will spend more time retriev-
ing information from their working memory, which in turn will lead to a slower 
production of text chunks. 
The second measurement used in the present study is the mean length of burst 
(mlb). This value reflects the number of tokens between pauses or such editing 
activities as deletions or revisions and it can be seen as an indicator of smooth-
ness in text production. Only online activities have been taken into account, i.e. 
pauses when reading the text after it has been produced or self-repairs that were 
the result of this re-reading were excluded from the analysis. For pauses the time 
criterion was 2 seconds, which is in line with previous studies on L2-writing (Levy, 
Ransdell 1995; Severinson Eklundh, Kollberg 1996; Strömqvist, Ahlsén 1999; Wenge-
lin 1999, 2002, 2007). Furthermore, corrections of typing errors were excluded from 
the analysis, according to Grabowski’s (2008) assumption that fast typing can result 
in mistyping which, in turn, can lead to an increased deletion of such errors. Such 
an exclusion was even made in Gunnarssons’ s (2012) study on the development of 
complexity, accuracy and fluency of L2-learners of French in which the same tool 
(ScriptLog) was used.
In order to estimate the level of change between two collection points the growth 
rate is used. The formula for the index is:
PR = FVexp
FVexp+1 – FVexp
 × 100
where
PR = Percent Rate (Growth Rate)
FVexp = Fluency Value (in this case: mlb) in a given experiment 
FVexp+1 = Fluency Value (mlb) in the following experiment.
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The calculated value expressed as a percentage will reflect how much the fluency 
has changed and thus it serves as a relative rather than an absolute indicator of 
development. A positive result using the formula will provide information about 
improvement, while a negative value reflects how much the fluency has decreased. 
The rate can be used as a general indicator for measuring the progress in second 
language development. 
In developmental studies conducted from the perspective of the Dynamic Systems 
Theory the correlation between several subsystems is an independent part of the 
analysis. In the present study the interconnectedness between automaticity in writing 
and smoothness in text production was measured using the Pearson correlation coef-
ficient (r). The correlation can be expressed in values from -1 to 1, where 1 stands for 
full positive conformity between the changes in two variables. Thus, when the value 
of the first variable increases, the value of the second variable increases at the same 
rate. A value of -1 implies that the first value increases, while the second decreases. 
When r = 0 there is no correlation between the variables. In the present analysis 
the same cut-off points for Pearson’s r were adopted as in Wolfe-Quintero et al.’s 
(1998) report: r ≥ 0.65 means a high correlation, r ∈ [0.45, 0.64] reflects a moderate 
correlation and r ∈ [0.25, 0.44] is a weak positive correlation between the variables. 
When Person’s r is lower than 0.25 the correlation is assumed to be low, which in fact 
can lead to the conclusion that both variables do not correlate with each other. 
6. Results
A total of 90 narrative texts were collected during the six experimental sessions. 
As is shown in the figure below (Fig. 1a) the mean keystroke interval decreases over 
the three-year period from 0.27 s in the first experiment to 0.20 s after three years of 
learning. As might be expected, the learners became more automatic in writing as 
the acquisition process proceeded. The average development is non-linear but there 
is a general falling trend. The increase in writing automaticity (i.e. the decrease in 
the transition time between keystrokes within a word) can be described as a two-
step development: the first considerable improvement (PR = –11%) was observed in 
the second semester (between the first and the second experiments) and the second 
occurs one year later. However, the later increase in writing rapidity continued over 
an entire year and is characterised by a somewhat higher rate of change (PR = –13%). 
At the end of the three-year period automaticity in the second language achieves its 
attractor point and remains stable. 
As presented in Table 1. the variability between students is greatest at the begin-
ning of the experiments and decreases steadily over the three years of the study. 
No one student reflects the average curve in their development (Fig. 1b). In the first 
experiment four learners were classified as slower (MTT > 0.30 s) and three as faster 
writers (MTT ≤ 0.20 s) according to the mean transition time (0.27 s). Following the 
development of these students, it was observed that the slow writers varied the most 
during the three-year period (cv = 13–20%) when compared with the other writers 
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(Mcv = 11%). Furthermore, their development is not only the most non-linear but 
they also made the most progress in automaticity between the first and the final 
experiment. On the other hand, the fastest writers showed only a slight acceleration 
in their typing skills during the three-year period. 
TT
(s)
mlb
(tokens)
n M (SD) cv M (SD) cv
EXP1 15 0.27 (0.06) 24 8 (1.56) 20
EXP2 15 0.24 (0.05) 19 10 (2.21) 23
EXP3 15 0.24 (0.04) 19 11 (2.23) 20
EXP4 15 0.22 (0.03) 16 13 (4.64) 36
EXP5 15 0.20 (0.03) 15 13 (2.64) 20
EXP6 15 0.20 (0.03) 14 13 (4.52) 34
Table 1. Transition time (TT) and mean length of burst (mlb)
The mean length of burst can serve as an indicator of smoothness in text produc-
tion. It informs us about the length of the chunks of text that the writer produces 
before they stop in order to reformulate their previous thoughts, to reflect about the 
form or the content, to correct something or to rewrite the same passage. As can 
be seen in Fig. 2, the development of this fluency indicator cannot be interpreted as 
a linear growth. The average development of fluency expressed as the mean length 
of undisrupted bursts can be described as a consistent increase in the first two 
years, which then evens out at a level of 13 tokens. This trajectory does not mirror 
the developmental path of automaticity. However, except for two subjects, there 
was a very strong negative correlation between the development of both features 
Figure 1. Mean transition time (in seconds) 
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(–0.7 ≤ r ≤ –1.0), which means that an increase in writing automaticity speed occurs 
in parallel with improved smoothness in the flow of text production. Furthermore, 
this is confirmation of the assumption that the subsystems that build dynamic sys-
tems are interconnected with each other. In this case, a clear interconnectedness 
exists between automaticity and smoothness as two aspects of fluency. 
Compared with the inter-individual variability in the transition time, there is a di-
vergent tendency in the development of the mean length of burst: the least variability 
was seen in the first experiment (cv = 20%). Afterwards it developed in the form 
of a wedge pattern but was generally greater than the transition time throughout 
the experimental period. This means that the students differ more in terms of their 
fluency when it is expressed as the mean length of burst than when their writing 
automaticity is analysed. 
As with the previous results, no student develops in parallel with the average 
value. However, the dynamics2 of the trajectory is greater at the intra-individual 
level than at the inter-individual level. The explanation of this phenomenon lies 
not only in the individual differences between learners but also in the complexity 
of the measurement. The value includes several hidden components, such as pauses 
and deletions which can have divergent lengths, and this in turn can influence the 
mean length of burst. Some students can have the same automaticity in writing but 
differ in terms of the frequency of pauses and deletions. The more subsystems that 
are included, the more dynamics they can trigger. This may explain why the spread 
between individuals is greater than in the case of writing automaticity and why the 
development of a greater number of students is so dynamic. 
In the first experiment the four slowest typists were less fluent than the average 
even in terms of the mean length of burst, but their development was not more 
dynamic than that of other students. Nor is it possible to draw any general conclu-
sions from the developmental patterns of the fastest writers or those learners who 
2 The term “dynamics” is here used as the degree of the change.
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in the first experiment were less fluent than their fellow students or those students 
with a high level of fluency at the beginning who could be called “quick starters”. 
Figures 3a–3d show the developmental trajectories of these particular groups of learners. 
The four slowest writers are indeed less fluent in terms of their mean length of burst in 
the first experiment, but only two of them were below the mean value over the entire 
experimental period. One (M2) may be described as an averagely fluent writer while 
the fourth (W8) can be classified as fluent learner who peaked in the fourth experi-
ment. The three fastest writers, on the other hand, (Fig. 3b) are neither more nor less 
fluent than the average and their mean length of burst does not increase noticeably. 
Three of the students in the experimental group were less fluent than the others at the 
beginning of the experiments (Fig 3c) but the fluency of one (W2) developed consider-
ably and even if this development did not involve a steady improvement in the mean 
length of burst the student can be characterised as a very fluent second language writer 
after three years. The other two rather less fluent writers in this group (W4 and W6) 
were also the slowest writers (Fig. 3a) and this finding suggests that these students 
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could be described as the least fluent in the group as a whole. It should be pointed out 
that even if they did not achieve the average level of fluency, either in terms of auto-
maticity or smoothness, they did in fact develop and became more and more fluent. 
Three other writers were more fluent than their fellow students even at the beginning 
(Fig. 3d) and thus could be labeled as “quick starters”. One of them (W7) was also the 
fastest writer in the entire experimental group (MTT = 0.18 s at EXP.1). However, in the 
case of this student, as described above, her fluency did not increase noticeably over 
the three-year period. There was, however, one writer who was definitely more fluent 
than the others from the beginning and even if she was neither the most fluent learner 
all the time, nor developed linearly, she did achieve the highest absolute mean length 
of burst in the last experiment (mlb = 27 tokens). 
As the comparison has shown, we cannot conclude that slow writers with low 
writing automaticity will never be more fluent than other writers. On the other hand, 
some students did not achieve the average level of fluency. Does this mean that they 
were incapable of becoming more fluent? How much did they really develop and 
what was the level of development of the other students, whose fluency developed 
earlier than the remainder? In order to estimate the degree of change between the 
experimental sessions the percentage growth rate was used. 
As presented in Fig. 4, average fluency, measured as the mean length of burst, in-
creases most at the beginning of the learning period, with the growth rate between 
the first and the second experiment being 28%. Subsequently, the rate of increase 
slows down and between the last two experiments, i.e. at the end of the third year 
of learning, the students’ fluency hardly changes at all (2%). This conclusion cannot 
be generalised when compared with the individual data (Fig. 4b). The fluency of 
individual learners changes very dynamically although no developmental patterns 
could be observed. The degree of the increase or decrease in fluency at half year 
intervals is very irregular and unpredictable. A comparison of the increase in flu-
ency between the first and the last experiment (Table 2.), carried out to estimate 
which students made the greatest progress in fluency after three years of learning 
Swedish, showed that two students achieved significant progress, recording an 
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increase of over 200%. And these two students were from the group of less (W2) 
and more (W12) fluent learners in the first experiment. This means that it is not 
possible to predict how fluency will develop during second language acquisition, 
especially if those who are less fluent at the beginning are able to achieve significant 
outcomes at the end. 
Student Growth rate (%) Student Growth rate (%)
W1  7 W8  136
W2  204 W9  37
W3  71 M2  103
W4  123 W10  7
M1  45 W11  34
W5  100 M3  43
W6  72 W12  204
W7  9 Mean  80
Table 2. Growth in fluency between the first and the last experiment
At the same time, the writers who were initially less fluent (W2, W4, W6) made far 
greater progress with regard to fluency development over the three-year period than 
their fellow students who were more fluent at the beginning of the experiments 
(W1, W7), with the fluency of the fastest students increasing only slightly. 
7. Discussion 
The natural expectation is that skills will improve during a three-year period of 
second language acquisition and overall the present study confirms this expecta-
tion. An increase in average fluency was observed both in terms of automaticity in 
writing, measured as the mean transition time, i.e. the time spent moving between 
keys within a word, and smoothness, measured as the mean length of burst, which 
reflects the length of undisrupted chunks of text between pauses or revisions.
The development of fluency in writing confirms all the assumptions of the 
Dynamic Systems Theory. Firstly, the increase in fluency proceeds non-linearly. 
This non-linearity in development could be observed both in the mean and at the 
individual level. From the point of view of average development, the process of 
writing at a greater speed could be described as a two-step progress. Automaticity 
increases considerably at the beginning, and afterwards there is a period of stability, 
followed by a longer period in which it increases until the learners appear to achieve 
a certain level in their writing skills. The average writing smoothness increases 
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continuously during the first two years and afterwards it remains at the same level. 
However, the development of no learner coincides with the average developmental 
curve and there is not a straight linear increase in fluency.
Furthermore, there is significant variability both within- and between individuals, 
which confirms the next foundation of the DST. In terms of automaticity in writing, 
variability between students is greater at the beginning, after which it decreases. 
This does not, however, also hold true for the mean length of burst. In this case, the 
students differ least at the beginning of acquisition and the divergence between 
them increases (non-linearly) over the three-year period. This discrepancy can be 
explained by the specificity of both features. Automaticity in writing is connected 
with typing skills in general, which are more mechanical in nature, less complex 
and less demanding for an individual than the ability to retrieve and process longer 
chunks of information. There can be thus greater differences between learners at 
the beginning in terms of writing automaticity than with regard to the overall 
smoothness of production. During the acquisition period divergence in typing skills 
become less marked as individuals become more skilled writers, but at the same 
time they may differ more and more in their ability to process longer information 
units stored in their working memory. 
Variability occurs even at an individual level. Learners develop dynamically 
with no definable pattern, and therefore it is not possible to predict what level of 
fluency they will achieve after three years of learning. Nor can we determine through 
which stages their fluency will progress. In some students fluency develops faster 
and they are more fluent than others during the entire process of second language 
acquisition. However, slow writers, with a low level of fluency in the first months of 
second language learning can achieve a very high level after three years. On the other 
hand, students who master their fluency earlier than others will not automatically 
continue to outpace their follow students. Between the so-called “quick starters” 
there are both writers who achieve outstanding levels and others with fairly aver-
age fluency that does not change dynamically. A slight increase in fluency does not 
mean that these learners are not progressing overall or are progressing less than 
the others. Due to the interconnectedness of the subsystems that are included in 
second language development it is likely that after achieving a certain level of flu-
ency, they focus on developing other skills, such as complexity or accuracy. Such an 
assumption, however, requires a separate study. 
Among the slow writers, on the other hand, there are some whose writing flu-
ency over the three-year period as whole is weaker than that of their fellow students. 
With regard to their own individual development, however, they make greater pro-
gress than other, more fluent writers. In fact, the slowest, least fluent learners’ fluency 
increases the most, i.e. they have the highest growth rate, when compared with the 
more skilled typists and those whose fluency developed earlier. These outcomes will 
maybe help second language teachers to understand that even if a learner achieves 
a lower level of fluency after a certain period of learning this has required much 
more effort for them than it did for other learners and that this development is in 
fact more dynamic and progressive. 
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The development of fluency in second language writing is a complex process that 
involves both the ability to write fast, or without great effort, and the skill to produce 
longer text units without many pauses or revisions that may affect the flow of text 
creation and transcription. One of limitations of the present study is that the focus 
was on two aspects of fluency only, i.e. automaticity and smoothness in writing. 
However, there is a need for a broader investigation of this phenomenon, first of all 
from the point of view of individual differences. Bearing in mind the variability 
observed between students, we can assume that such divergences are related to 
different ways of producing a written text. Some students may, for example, prefer 
to plan online in longer chunks, which can lead to the occurrence of longer pauses 
while others stop less frequently but instead make more online revisions. In order 
to explore this, a more detailed analysis of pauses should be made – their length and 
distribution. Furthermore, general writing patterns in individual students could be 
determined by collecting more writing samples at the same time (at the same level 
of language proficiency), which could then be compared with the students’ writing 
abilities in their L1. Because in the present analysis only the transcription process 
has been analysed, it could not be discovered when the disruptions (both revisions 
and pauses) were the result of the learners’ metalinguistic awareness and an attempt 
to achieve a more interesting, better and faultless text or whether they were a sign 
of a disturbed flow in the text production in a new language. In order to explore 
this, other tools, such as a think-aloud protocol, could be used as a complementary 
instrument in further studies.
Since fluency is a complex phenomenon and should be treated as both a com-
plex and dynamic system comprising a variety of interconnected subsystems, it is 
an almost natural consequence that its development is characterised by variability, 
non-linearity and unpredictability. Longitudinal research can provide a platform 
for exploring the complexity of this skill and further studies should focus on other 
aspects/other subsystems, such as complexity and accuracy, in order to understand 
the cognitive mechanisms underlying the development of fluency in second language 
writing interact with other dynamic subsystems. 
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